Abstract-The propagation and attenuation of microwave traversing through water melon at 2.45GHz were modeled and validated. An attenuation experiment was carried out on water melon using free space transmission technique and an Artificial Neural Network (ANN) was designed, trained and deployed for the observed data from laboratory experiments. This generated a compact system against which existing mathematical models were compared. The results in both cases were found to be in congruence.
INTRODUCTION
The reduction in the strength of electromagnetic signals due to power loss during transmission is a phenomenon of great importance in the communication, electronic as well as the food industry. The study of attenuation became necessary due to increased usage of microwave devices and sensors at high frequencies, especially in earlier experiments in the fruit processing industry where microwave sensors were employed in the determination of impact firmness [1] , soluble solids, acid content, flesh temperature [2] , complex permittivity, fruit maturity, dielectric constant, moisture content, and bacterial content [3] [4] [5] . Same principle of transmission parameters have been employed in drug discovery, stealth vehicles, Medicine, Chemistry and Biology.
The use of multiscattering theory combined with correlation functions is known to be accurate in predicting microwave transmission parameters in organic compounds. However, the multiscattering theory is too computationally extensive and demands many assumptions regarding the statistical nature and geometry of the inclusions [6] . In this work, the above difficulty was simplified by the use of Artificial Neural Network (ANN) in the determination of attenuation constant from observed data.
II. BASIC THEORY

A. Microwave transmission and attenuation
It has been established from electromagnetic waves properties that when microwaves travel through a dielectric material, the complex relative permittivity ε r of the material influences the wave behavior. The relative complex permittivity is a complex entity with a real part ε΄ and an imaginary part ε˝ as shown in equation (1) . The phase φ and the phase shift ϕ of the propagating wave is a function of the dielectric constant (The real part ε΄) of the material. While the imaginary part ε˝ (the loss factor) is a measure of the energy dissipation as the wave traverses though the medium.
Several techniques have been employed in determining the dielectric properties of different fruits. These include the coaxial cable sensor technique, the free space technique, transmission line technique, and the resonant-cavity technique [7] . However, the challenge remains that the relative complex permittivity of a heterogeneous material cannot be simply determined from the knowledge of the individual relative permittivities. Therefore the equation for the mixed complex permittivity is employed [6] . When a linearly polarized wave is perpendicularly incident on a material of thickness d suspended in the air, it is observed that the wave is partially transmitted as well as partially reflected. Both ε΄ and ε˝ affect the attenuation and phase shift of the microwave as shown by (3) and (4).
and ε˝ = 8.686 ε΄
Where
And Φ = φ -2πn (6) λ is the wavelength of the wave in free space, φ is the phase, A is the attenuation and is the phase shift observed as a result of the interaction of the microwave with the sample. The free-space technique could be considered a variation of the transmission line technique and uses the same algorithms to calculate permittivity and permeability. Materials are placed between antennas for a non-contacting measurement under free space conditions. This noncontacting condition makes the sample isolated from other equipment for the experiment.
Knowledge of the complex permittivity provides a means of obtaining several properties of a material. These include bulk density, effective penetration depth, temperature, attenuation factor and moisture content. The penetration depth d p for microwave is defined as the depth at which the microwave is reduced to 1/e (where e = 2.7182) of the incident power at the surface of the material. In relation to the speed of light c, the dielectric constant ε' and the loss factor ε'', the penetration depth at a particular frequency f is given by [8] :
This paper aims to verify equations (3) and (4) by employing an Artificial Neural Network independently of the relations, using the observed data from the experiments carried out in the laboratory.
B. Artificial Neural Network (ANN)
An Artificial Neural Network is a massively connected network of neurons with the aim of solving particular problems in a way synonymous to biological way of learning. Basically, an Artificial Neural Network is characterized by its architecture -the neural connection, its activation function -the mathematical basis of decision making, and its algorithm -its learning technique. Learning is achieved by repeated adjustment of associated weights until a predefined convergence condition is met. ANN models have been shown to provide good approximations in presence of noisy data and smaller number of experimental points and the assumptions under which ANN models work are less strict than those for statistical models. These properties have led to the increased use of artificial neural networks for modeling various nonlinear problems over the past decades [9] . MATLAB neural network tool is a handy tool in training the network with the aim of solving problems of particular interest.
II. MATERIALS AND METHOD Whole water melon fruit was cleaned, prepared, measured and positioned in free space between two linearly polarized, ultrabroadband horn antennas for a non-contacting and nondestructive measurement under free space conditions. The effects of environmental conditions on the experiment were eliminated by controlling the temperature and humidity of the laboratory at 25 0 C and below 0.45 respectively. The probes of the sensor were connected to a Vector Network Analyzer. Diffraction at sample edge was minimized by ensuring that the microwave beam was considerably narrow enough to meet the far-field condition at a short distance [10] [11] . In order to ensure this, a distance of 1cm to 2cm was maintained between the water melon and the transmitter and receiver. The transmission parameters were recorded including the observed attenuation (dB), input and output power (mW), the phase and phase shift as indicated in Figure 1 .
An artificial neural network of 4-input layer neurons, 20-hidden layer neurons and 2-output layer neurons was designed with four inputs for each sample, namely the normalized values of the wavelength in free space , the thickness d, the phase shift and S21 as observed from the experiment. The wavelength is a constant input because the experiment was performed with a microwave frequency of 2.45GHz. The outputs of the network are the attenuation per unit volume A and the average Sugar content C s . The observed data were divided into training set, validation set and test set and the network trained using LevenbergMarquardt backpropagation algorithm and the performance was evaluated using the Mean Squared Error. The performance of the neural network was evaluated against the calculated values obtained from the model in (3) and (4) . The relationship between the observed attenuation per unit volume and the output of the neural network is described in figure 1.
IV. RESULTS AND DISCUSSION
The trained artificial network was deployed by actuating it with separate set of input variables. At a frequency of 2.45GHz and a phase shift of 86 0 , a whole water melon fruit with a width of 21cm in the direction of propagation of the incident wave was predicted by the ANN to produce an attenuation per unit volume of -1.8743dB/cm 3 with a corresponding average sugar content of 7.64. This represents a deviation of 1.144% and 3.66% respectively in comparison with -1.8531 dB/cm 3 and 7.93 as obtained from actual measurement. Subsequent input data yielded similar results.
From the results of the experiment and the performance analysis of the independently trained neural network, it was established that the ANN model closely depicts the microwave propagation phenomena. The robustness and sensitivity of the new model was further highlighted by observing its corresponding output pattern to a wide range of data set, including its correct response to a data point of assumed zero attenuation as shown in figure 2.
V. CONCLUSION
A neural network model which closely depicts the phenomena of microwave propagating in water melon was successfully developed using data obtained from free-space permittivity experiment on whole water melon fruits. This was further validated against results from existing attenuation models and was found to be accurate. Possible further works could be in the consideration of a wider range of input variables for the ANN model.
